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FIELD OF INVENTION 

This invention relates to a method and apparatus for producing electronic signals 
representative of images on a source film; and also to recording, on an object film, 
images represented by electronic signals. The technique and apparatus can be used 
for digitizing motion picture film and making release prints from processed digital 
information. 
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BACKGROUND OF THE INVENTION 



Eventually the cinema may become an all electronic system. Until that time, it is 
likely that programs will be shot on film, processed digitally, and then scanned back 
onto film for distribution to theaters. Scanning the film, digitizing the signal, and later 
scanning back onto film is now done with laser scanners. These are very expensive 
and slow. They typically take several seconds per frame for the scanning process. In 
addition to this speed problem, there is a need for an optical pre and post filter in the 
process. The film grain beats with the scanning pattern producing alias spatial 
frequencies that are more visible than the original grain. When scanning back onto 
film there is normally a visible pixel structure. This can make the image look like it has 
screen wire superimposed on the image. 

It is among the objects of the present invention to provide improved techniques 
and apparatus for producing electronic signals representative of images on a source 
film, and also for recording, on an object film, images represented by electronic signals. 
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SUMMARY OF THE INVENTiON 



In a form of the present invention, a lens system is used for imaging a source 
film on an electronic image sensor to obtain electronic signals representative of images 
on the source film. These signals are stored and subsequently used for recording, on 
an object film, images represented by the electronic signals, the latter process involving 
imaging light through an electro-optical panel onto an object film. For both parts of the 
process, optical filtering is employed to advantage. It limits image detail near the spatial 
frequency of the scanning pattern and has a sharp cutoff to prevent undue reduction in 
the image detail. In the preferred embodiments hereof, an aperture, which may be 
adjustable, is used for optical filtering with sharp cutoff that is easily adjustable to 
determine optimum performance. 

In accordance with a form of the invention, a method is set forth for producing 
electronic signals representative of images on a source film, comprising the following 
steps: illuminating the film with a light source to obtain an illuminated frame; providing 
an electronic image sensor; providing a lens array for projecting the illuminated frame 
on the electronic image sensor, and providing an aperture in conjunction with the lens 
array for high spatial frequency cutoff in the image; and reading out image 
representative electronic signals from the electronic image sensor. 

In an embodiment of this form of the invention, the light source is focused at the 
plane of the aperture, and this focusing is implemented with a field lens. The image of 
the light source is preferably less than one-fifth the size of the aperture. Also in this 
embodiment, the step of providing an aperture comprises providing an aperture having 
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a high frequency cutoff in the range 0.7 to 1 .4 times the Nyquist limit for the pixel 
spacing of the image sensor. 

In accordance with a further form of the invention, a method is set forth for 
recording, on an object film, images represented by electronic signals, comprising the 
following steps: providing a light source; providing an electro-optical medium that 
receives image-representative electronic signals and also receives input light from the 
light source, and produces output light containing the image represented by the 
electronic signals; and providing a lens array for projecting the output light onto the 
object film, and providing an aperture in conjunction with the lens array for high spatial 
frequency cutoff in the image. 

In an embodiment of this further form of the invention, the step of providing an 
electro-optical medium comprises providing an electro-optical panel. Also in this 
embodiment, the light source is focused at the plane of the aperture by a field lens, and 
the image of the light source is preferably less than one-fifth the size of the aperture. 
Also in this embodiment, the step of providing an aperture comprises providing an 
aperture having a high frequency cutoff in the range 0.7 to 1.4 times the Nyquist limit for 
the pixel spacing of the electro-optical panel. 

Further features and advantages of the invention will become more readily 
apparent from the following detailed description when taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a diagram, partially in block form, of an apparatus in accordance with 
an embodiment of the invention and which can be used in practicing an embodiment of 
a method of the invention, for producing electronic signals representative of images on 
a source film. 

Figure 2 is a diagram, partially in block form, of an apparatus in accordance with 
an embodiment of the invention and which can be used in practicing an embodiment of 
a method of the invention, for recording, on an object film, images represented by 
electronic signals. 

Figures 3, 4 and 5 show aperture shapes used in embodiments of the invention. 
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DETAILED DESCRIPTION 



In Figure 1, a laser beam from a laser 110 is expanded by a beam expander 115 
and directed onto the source film 105 via a field lens 120. [Throughout, it will be 
understood that optical components are generically represented, and that one or more 
lenses can be employed for each element shown, as appropriate, regardless of the 
particular simplified representation used in the drawings.] A frame of the source film is 
illuminated in this embodiment. A copy lens array, represented at 130, projects the 
image onto an electronic image sensor 160. An aperture 140, which may be an 
adjustable aperture, is provided in conjunction with the lens array 130. The output of 
the sensor 160, which may be, for example, a CCD sensor, or any other suitable 
sensor, is coupled with processor subsystem 190, which includes memory, clocking, 
input/output functions, and other known features (all, not separately shown) for storage 
of the signal and any electronic processing thereof that is desired. The processor is 
preferably a digital processor. If the signals read out of the sensor are not in digital 
form, they can be converted to digital form. The processor subsystem 190 controls the 
frame pull-down and the reading out of signals from the electronic image sensor. Color 
can be produced frame-sequentially with, for example, red, green, and blue light 
sources. 

In Figure 2, there is shown a diagram of an embodiment of a system for 
recording on an object film (290), for example a negative for producing "release prints" 
for use in a movie theater, using the previously stored image information. In the Figure 
2 embodiment, a laser beam from laser 210 is expanded by beam expander 215, and 
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projected, via field lens 220, onto an electro-optical panel 240. The panel 240 may be, 
for example, a liquid crystal panel, or any other suitable type of panel that can produce 
an image pattern for illumination by the light source as shown. [The present 
embodiment utilizes a transmissive electro-optical panel, although it will be understood 
that other media, such as a reflective light valve modulator, could also be used.] The 
panel 240 receives electronic information from processor subsystem 190 which, again, 
is preferably a digital processor, suitably equipped. This image is projected onto film 
290 by a lens array 270, which is a camera lens array in the present embodiment. An 
aperture 280, which may be an adjustable aperture, is provided in conjunction with the 
lens array 270. Again, color can be produced frame-sequentially with red, green and 
blue light sources. 

An optical pre-filter, implemented by aperture 140 in Figure 1, is needed to limit 
the image detail near the spatial frequency of the scanning pattern. This needs to have 
a sharp cut-off to prevent it from reducing the detail in the image. The screen wire 
artifact can be eliminated with an optical post-filter, implemented by the aperture 280 in 
Figure 2, that has a sharp cut-off that filters out the information above the Nyquist limit. 

For the digitizing process, a fourth exposure can be made with infra-red light. 
The film dyes are transparent to IR, so that this exposure shows only scratches and dirt. 
The scratch and dirt information can be used in the processing with known error 
concealment techniques to clean up the image. 

As seen in Figure 1 and Figure 2, a field lens (120 or 220) is used in both cases 
to image a point light source in the beam expander onto the lens aperture (140 or 280). 
The light distribution in the plane of the lens aperture is the two-dimensional Fourier 
transform of the spatial frequencies in the image. The spatial frequencies increase 
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radially around the central focal spot. Changing the lens aperture changes the high 
frequency cut-off of the information imaged by the lens. For a light source that is small 
compared to the aperture size (preferably, less than one-fifth the aperture size) the cut- 
off is very sharp. For the pre-filtering process the aperture is closed down until the alias 
frequencies from the film grain are removed. The ideal size is to have a cut-off about 
1.3 (or, more generally, 0.7 to 1.4) times the Nyquist limit of the pixel spacing. For 
scanning back onto film, the aperture 270 is used to cut out the scanning spatial 
frequencies and their harmonics. This filters out the scanning structure, leaving only 
the image information. The aperture shape preferably matches to the pixel pattern. 
Typically, this will be square (a specific case of rectangular), hexagonal, or of diamond 
shape (as for diagonal sampling): Figures 3, 4, and 5 respectively illustrate square, 
hexagonal, and diamond-shaped apertures 140 or 280. 
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